SUPPLEMENTARY METHODS

Inclusion exclusion criteria
Inclusion criteria were age 35-90 with a clinical diagnosis of OA. A total of n=128 participants were recruited and assessed for clinical measures (early/advanced OA diagnosis, age, sex, BMI, HADS) and WOMAC subscales for pain and stiffness; n=124 undertook the painDETECT questionnaire for detection of central sensitisation; n=93 had MRI of the most affected knee, undergoing TKR for advanced OA; clinical knee radiographs were available for n=100 OA patients; serum TSP-4 was measured in n=123 participants in total.



SUPPLEMENTARY DATA and RESULTS

Supplementary Table 1	Data subsets used in the analyses
	
	Full dataset values
	CTX-II subset
	MRI subset
	Xray subset

	
	
	N=112
	N=93
	N=100

	Clinical parameters
	N total
	N/N or mean(stdev)
	N/N or mean(stdev)
	N/N or mean(stdev)
	N/N or mean(stdev)

	Early/Advanced
	128
	43/85
	40/72
	24/69
	37/64

	Male/Female
	128
	33/95
	28/84
	20/73
	27/74

	BMI (kg/m2)
	127
	31.5 (5.7)
	31.3 (5.6)
	31.2 (5.5)
	31.1 (5.6)

	Age (yr)
	128
	67 (8.7)
	67.2 (8.8)
	65.3 (8.4)
	66.7 (8.2)

	WOMAC_P
	128
	53.3 (24.3)
	52.6 (24.7)
	53.7 (23.9)
	54.5 (24.5)

	WOMAC_S
	128
	58.0 (28.1)
	52 (28)
	58.4 (28.4)
	53.1 (28.3)

	painDETECT
	127
	12.6 (6.8)
	12.2 (6.7)
	11.9 (6.3)
	12.6 (6.7)

	HADS
	127
	12.9 (7.3)
	12.7 (7.3)
	12.7 (7.1)
	13.4 (7.1)

	
	
	
	
	
	

	Blood biomarkers
	
	
	N=112
	N=90
	N=95

	CTX-II (ng/mmol)
	112
	383 (246)
	383 (246)
	356 (263)
	388 (248)

	TSP-4 (ng/ml)
	120
	8.3 (6.2)
	7.9 (5.6)
	7.2 (6.2)
	7.8 (5.7)



For investigating whether TSP-4 was a significant factor in predicting pain and stiffness scores there were N=118 patients contributing to the analysis. When CTX-II was included for the LDA to assess whether a combination of blood biomarkers and clinical parameters (e.g. HADS, age, BMI) could aid prediction of pain sensitisation there were N=112 patients. There were N=93 patients for assessing whether MRI measures of structural damage could significantly add to TSP-4 in describing pain and stiffness scores, and N=90 patients for doing the same with x-ray measures of structural damage.
Means and standard deviations (stdev) shown above have high consistency for the subgroups used in the analysis, hence we believe there is justification for comparisons across the sub-groups. There is also the advantage of stronger statistical results when using the largest amount of data for creating principal components or determining correlations or group differences. E.g. we have used the full N=100 patients with x-rays as a greater representation of data variability to determine the principal components of joint space data rather than just the N=76 if we restricted the dataset to those with MRI data as well.

Supplementary Table 2	GLM analysis of the different sub-groups
[image: ]
The clinical data set with fluid biomarkers were first analysed with a GLM and the parameters significant at p<=0.05 for describing variability in pain, painDETECT and stiffness are shown in the first column above. The p and F-values shown were evaluated for the GLM with the limited parameter set. For the data subsets for which MRI and x-ray data were available, the imaging parameters were added individually to assess their contribution to the variability. The GLM of the subset of parameters with p<0.05 are shown above demonstrates that TSP-4 has greater significance and contribution to the variability of pain and stiffness scores than any of the individual imaging parameters. Data in bold shows the combinations of parameters, all with p<0.05, for which TSP-4 shows the highest F value.
For WOMAC pain, only BMI, TSP-4 and HADS were significant covariates (all at p<0.02, F>5), and when using these parameters alone the predicted pain score is shown in Figure 2A along with their p-values and F-statistics. For the data subsets that also included imaging data (MRI or x-ray), TSP-4 showed greater significance and effect size for describing WOMAC pain than any individual structural imaging parameter. When individual imaging parameters were examined with TSP-4 also included in the model, only KLG still showed a significant contribution (log BMI <0.006, F=8.1; HADS p=0.003, F=9.1; TSP-4 p<0.001, F=21.0; KLG p=0.004, F=8.5), but the predicted variability in WOMAC_P was no better described than as shown in Figure 2A.
For predicting painDETECT a GLM with the clinical data (BMI, age, HADS, sex) and TSP-4, only HADS (p<0.001, F=31.2) and TSP-4 (p<0.001, F=11.4) were significant in describing its variability as shown in Figure 2B. As with the GLM analysis for WOMAC pain, TSP-4 showed greater significance (lower p and higher F-value) than any of the structural parameters when added individually. When TSP-4 was included in the GLM along with individual  structural parameters, only nCD still remained significant (HADS p<0.001, F=21.9;, TSP-4 p=0.022, F=5.5; nCD p=0.032, F=4.8).  
For WOMAC stiffness, only log BMI, TSP-4 and sex were significant for the clinical parameters combined with fluid biomarkers, and the predicted stiffness score using a GLM, is shown in Figure 2C along with their p and F-values. In the data subsets with imaging, TSP-4 was more significant (p=0.007, F=7.6) than any of the imaging parameters added individually. For TSP-4 combined with an imaging parameter only the PC of JS_lateral was significant (logBMI p=0.001, F=10.9; sex p<0.001, F=15.9; TSP-4 p<0.001, F=17.3; JS_lateral p=0.003, F=9.6). The addition of JS_lateral gave a model with improved description of WOMAC stiffness as shown in Figure 2D. 
We investigated how WOMAC scores vary in relation to the clinical and structural damage scores using a GLM and show that TSP-4 levels are a significant factor in the variability of pain and stiffness, with BMI and HADS being the most significant factors. For our subsets with imaging data, the variability of WOMAC scores showed greater significance (lower p and higher F-values) for TSP-4 than for most of the imaging measures of structural damage (Supplementary Table 2). This is likely because of the strong covariance of TSP-4 with structural damage as measured by MRI (Table 2 and Figure 3) accounts for disease progression in terms of damage. However, the stronger correlation of TSP-4 to painDETECT (Table 2) and its significant difference between painDETECT groups and importance in the prediction models (Figure 4), suggests that TSP-4 maybe biologically involved in pain sensitisation, and more than a marker of structural damage. Only the x-ray derived KLG score provided additional significance in pain variability, and lateral joint space to WOMAC stiffness. 
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A) PAIN

Clinical data 

N=118

logBMI <0.001, 24.7 <0.001, 30.7 <0.001, 25.7 <0.001, 16.3 <0.001, 16.9 0.001, 13.0 0.006, 8.1 0.001, 11.4

Age

HADS <0.001, 16.6 0.001, 11.2 <0.001, 14.6 0.001, 12.6 <0.001, 14.2 0.002, 9.9 0.003, 9.1 0.002, 10.1

Sex

TSP-4 0.019, 5.5 0.012, 6.6 0.035, 4.6 0.041, 4.3 0.05, 3.9 <0.001, 17.8 <0.001, 21.0 <0.001, 18.0

nBML 0.016, 2.0

nCD 0.065, 3.5

nOST 0.055, 3.7

KLG_lohi 0.004, 8.5

PC_JS_lateral 0.749, 0.1

B) STIFFNESS

Clinical data 

N=118

logBMI 0.05, 3.7 0.041, 4.3 0.051, 3.9 0.247, 1.4 0.114, 2.5 0.087, 3.0 0.191, 1.7 0.001, 10.9

Age

HADS

Sex <0.001, 12.5 0.014, 6.2 0.012, 6.5 0.015, 6.1 0.016, 6.0 <0.001, 13.6 <0.001, 13.2 <0.001, 15.9

TSP-4 <0.001, 14.4 0.007, 7.6 0.011, 6.8 0.034, 4.7 0.022, 5.4 <0.001, 15.6 <0.001, 17.3 <0.001, 17.3

nBML 0.425, 0.6

nCD 0.092, 2.9

nOST 0.187, 1.8

KLG_lohi 0.107, 2.7

PC_JS_lateral 0.003, 9.6

C) painDETECT

Clinical data 

N=118

logBMI 0.016, 6.1 0.039, 4.4 0.014, 6.2

Age

HADS <0.001, 31.2 <0.001, 22 <0.001, 22.8 <0.001, 21.9 <0.001, 12.2 <0.001, 21.4 <0.001, 20.1 <0.001, 21.5

Sex  

TSP-4 <0.001, 11.4 0.004, 8.8 0.006, 7.8 0.022, 5.5 0.013, 6.4

nBML 0.726, 0.1

nCD 0.032, 4.8

nOST 0.217, 1.5

KLG_lohi 0.626, 0.24

PC_JS_lateral 0.255, 1.3

MRI data subset N=90 JS data subset N=93

MRI data subset N=90 JS data subset N=93

MRI data subset N=90 JS data subset N=93


